Background: The introduction of human papillomavirus (HPV) vaccines represents a breakthrough in the primary prevention of cervical cancer. However, little is known about vaccination uptake and correlates among low-income, ethnic minority, and immigrant populations in the U.S. who may benefit most from the vaccine.
Introduction

Disproportionate burden of cervical cancer
Cervical cancer disproportionately affects ethnic minority, immigrant, and low-income women in the United States and remains a significant source of cancer morbidity and mortality in these groups (1, 2) . In Los Angeles (L.A.) County, cervical-cancer incidence is higher than the national average (10.0/100,000 vs. 8.7/100,000, respectively) with Latina and Asian/Pacific Islander women having the highest rates (3) (4) (5) . More than a third of all women in L.A. County (41%) between age 18 and 49 are foreign-born (6), many carrying elevated risk from their home countries where cervical cancer remains the one of the most frequent causes of cancer morbidity and mortality (7) .
Human papillomavirus vaccines
The introduction of HPV vaccines represents a breakthrough in the primary prevention of cervical cancer. Two available HPV vaccines protect against HPV types 16 and 18, which currently account for 70% of all cervical cancer (8) . The quadrivalent vaccine, which additionally protects against two HPV types (6 and 11) linked to genital warts, was first approved for use in the United States in 2006, whereas the bivalent vaccine (types 16 and 18 only) became available in late 2009 (9, 10) . Vaccination is one of the most successful and least costly of all publichealth interventions. However, widespread adoption of the vaccine, particularly among the highest risk groups, will be critical for realizing the full potential of the vaccine in reducing cervical-cancer burden.
Human papillomavirus vaccine uptake to date
Recent data from nationally representative samples indicate that uptake rates are low among U.S. girls.
The National Immunization Survey found that only 44% of 13-17 year-old girls had received at least one dose of the vaccine in 2009 (11) . Uptake rates reported from smaller studies on specific subgroup populations have varied widely (e.g., 26% to 47%) depending on sample characteristics, recruitment methods, and the timing of data collection but still reflect suboptimal utilization (12) (13) (14) .
Correlates of uptake
Given the low uptake, it is important to understand factors that influence vaccine receipt such as demographics, health care access, and psychosocial factors. Ethnic differences have been examined in a number of studies, with mixed findings. Some have found evidence for ethnic differences in vaccine initiation, (15, 16) whereas others report no differences (17, 18) . Even when ethnic differences are reported, the direction of the reported relationship has not been consistent. For example, Pruitt & Shootman, (2010) showed that ethnic minority girls were less likely to have received the HPV vaccine than non-Latino whites while Chao and colleagues (2010) and Yaganeh and colleagues (2010) report that Latina girls were more likely to receive the vaccine compared with other ethnic groups. With respect to income, an inverse relationship was reported in two recent studies (11, 16) . Similarly, Chao and colleagues (2010) found that girls with public compared with private insurance were more likely to have been vaccinated. Access to free or very low-cost vaccine services among low-income girls eligible for the vaccines for children (VFC) program may explain these inverse relationships. Having a recent primary care provider office visit (15, 18) has also been associated with a greater likelihood of vaccine uptake in age-eligible girls.
Relatively few studies have examined psychosocial factors as correlates of uptake. In several small clinicbased studies, parental-vaccine attitudes and knowledge, and physician's recommendation were associated with higher vaccination rates in girls (12, 13, 19) . Only two recent studies sampled populations at higher risk for cervical cancer. Yegeneh and colleagues (2010) found that among low income, primarily Latina, mothers, those who believed the vaccine was safe and effective were more likely to have vaccinated their daughters than mothers who did not share these beliefs (14) . Brewer and colleagues (2010) found that parental intentions to vaccinate and anticipated regret were associated with greater vaccine uptake, whereas needing more information, being born-again Christian, and higher perceived barriers to access were associated with lower uptake among mothers in North Carolina counties with elevated cervical-cancer rates (20) .
The purpose of the current study was to assess HPV vaccine uptake and correlates (demographic, health care access, psychosocial) among low income, ethnic minority girls in Los Angeles County. This report adds to the current knowledge on HPV vaccine uptake by examining a wider range of correlates than those reported in the literature to date. In addition, this study makes a unique contribution to the literature in that it includes lowincome girls from multiple ethnic groups (Latino, African American, Chinese, Korean, Other Race) in the same study, allowing for direct ethnic group comparisons.
Materials and Methods
Study setting
The study was a collaborative project between the University of California at Los Angeles (UCLA) and the Los Angeles County Department of Public Health, Office of Women's Health (OWH). The OWH operates a multilanguage hotline that serves low income, ethnic minority women. The hotline conducts over 10,000 calls per year and specifically targets low-income women (200% of federal poverty level). Services, such as appointment scheduling for preventive care (e.g., cervical-and breast-cancer screening), are provided in 6 languages: English, Spanish, Chinese (Mandarin and Cantonese), Korean, and Armenian.
Data for this study were obtained by interviewing hotline users who were mothers or primary caregivers of girls who were eligible for the study. Hotline operators received special training on study protocols and content including: information on cervical cancer and the HPV vaccine, telephone interviewing techniques for research studies, study protocol and eligibility criteria, data collection instruments, and confidentiality and human subjects' protection.
Procedures (Eligibility, recruitment, data collection)
Between January and November 2009, operators screened all hotline callers for eligibility after carrying out routine hotline services. At the time of the study, the quadrivalent vaccine (protecting against HPV types 6, 11, 16, and 18) was approved for use in girls and young women ages 9 to 26 years (9). Eligibility criteria for the study included being 18 years of age or older, primary medical decision-maker for a girl 9 to 18 years old [consistent with the Advisory Committee on Immunization Practices (ACIP) recommendations and age eligibility criteria for the VFC Program] (9, 21), and a speaker of one of the hotline languages. Callers who were medical decision-makers for more than one girl were asked to provide data for the girl with the earliest birth month. Participants completed the interview immediately following eligibility confirmation unless they requested another time. All participants were mailed an HPV vaccine fact sheet developed by the Centers for Disease Control and Prevention (CDC) and translated by study staff, and a $10 grocerycard incentive. The study protocol was approved by the institutional review boards of both UCLA and the Los Angeles County Department of Public Health.
Conceptual framework and survey instrument
The Health Behavior Framework (HBF; Fig. 1 ) (22, 23) guided the development of the data collection instrument. The HBF is a conceptual framework that synthesizes constructs from several theoretical models such as Social Cognitive Theory (24, 25) , the Theory of Planned Behavior (26) (27) (28) , and the Health Belief Model (29, 30) . Items in the current questionnaire were adapted from prior intervention and survey studies using this framework and from ongoing populationbased surveys (31, 32) . The instrument was adapted from English into Spanish, Chinese (Mandarin, Cantonese), Korean, and Armenian using methodology employed in prior studies (23, 33, 34) to assure parallel versions in all languages. OWH operators provided additional input to ensure appropriateness for the target population.
The 75-item instrument assessed: HPV vaccine uptake (i.e., initiation and completion) among eligible girls, HPV awareness and knowledge, beliefs about HPV and the vaccine (e.g., perceived vaccine effectiveness, daughters' perceived risk for HPV, perceived severity of HPV infection), general immunization attitudes, demographics, and health care access. Additional items administered to caregivers of unvaccinated girls assessed barriers to vaccine uptake. Note that only the quadrivalent vaccine was approved for use in the United States at the time of data collection. Closed-ended, single item measures were used in this study considering that the survey was administered by telephone to a very low literacy population (33, 34) .
Statistical analysis
Descriptive statistics were used to profile the study sample with regard to demographics and health care access, other HBF variables, and vaccine uptake. Fisher's exact test was used to examine differences in vaccine awareness and uptake, HBF variables, and general vaccine beliefs by race/ethnicity. Next, binary logistic regression analyses were used to examine relationships between demographics, health care access, other HBF factors and vaccine initiation, defined as receiving at least one dose of the vaccine. Results of the binary logistic regression analyses and tests of multicollinearity were used to determine the independent variables included in the final multivariate logistic-regression model. Finally, Fisher's exact test was used to compare perceived barriers with HPV vaccine initiation by race/ethnicity among caregivers of unvaccinated girls. All analyses were conducted using SAS v10 software. Due to sample size limitations, similar analyses examining HPV vaccine completion (3 doses) were not carried out.
Results
Sample characteristics
Of 2,146 hotline callers invited to complete the eligibility screener, only 18 refused (<1%). Of the remaining 2128 callers, 24.8% (n ¼ 528) met eligibility criteria. The most common reason for ineligibility (97% of ineligible) was not being the caregiver for a girl between the ages of 9-18 years. Of those eligible, 93% (n ¼ 490) provided data. The majority (85%) of respondents were mothers of vaccine-eligible girls, with the remaining caregivers being grandmothers, step-mothers, aunts, or older sisters. For simplicity, we refer to study participants as mothers for the remainder of this article.
Demographic characteristics of respondents and girls are shown in Table 1 . The vast majority of participants were ethnic minorities (93%), immigrant women (88%) with low levels of income and education. Over half (52%) of participants were Latina; the remaining mothers were Chinese (20%), Korean (14%), African American (8%) or another race/ethnicity (7%; non-Hispanic white, multiracial or from other Asian subgroups). Three-fourths of Research.
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Human papillomavirus vaccine awareness and uptake Table 2 presents HPV vaccine awareness and uptake for the total sample and by race/ethnicity. Overall, 63% of respondents had heard of HPV and 61% had heard of the HPV vaccine, but statistically significant ethnic differences were observed. For example, 46% of Korean mothers were aware of HPV compared with about 65% of Latina, Chinese, and African American mothers. In the total sample, 29% of mothers reported their daughter had initiated the vaccine (i.e., received at least one dose), including 33% of Latina mothers, 25% of Chinese, 24% of Korean, and 24% of African Americans mothers. Among all girls, 12% (n ¼ 56) had completed the three-dose regimen. No ethnic differences were observed in vaccine initiation or completion rates. Vaccine initiation rates were also examined among 13-17 year olds to allow comparisons with national data. In the total sample, 36% of girls in this age range had received at least one dose of the vaccine (data not in table). Table 2 also presents HBF factors that may be correlates of vaccine initiation: perceived severity of HPV, perceived HPV risk of daughter, and perceived effectiveness of the vaccine. Most mothers perceived their daughters' risk for HPV to be the same or less than that of other girls of their daughters' age (84%). Perceived severity of HPV was generally high, with 87% of mothers agreeing that HPV would be a serious problem for their daughters. About one-third of mothers (33%) believed the vaccine was very effective against HPV and another third gave a "don't know" answer to this question. Statistically significant ethnic differences were observed only for perceived risk. Twenty percent of Latino and 11% of African American mothers thought their daughters were at greater risk for HPV compared with other girls, whereas not a single (0%) Chinese or Korean mother endorsed this category.
Health Behavior Framework constructs
Other vaccine beliefs and opinions about school mandates
Vaccine attitudes and opinions about school mandates for the vaccine differed by ethnicity ( Table 2 ). The majority of mothers overall (92%) agreed that "immunization against disease is a good thing" but African American and Chinese mothers were less likely to endorse this statement compared with other groups. Mothers on average reported 13.9 years old was the youngest age acceptable for HPV vaccination (participants were told that the vaccine was approved for girls from 9 to 26 and then asked at what age they thought the vaccine should be given), whereas Chinese and Korean mothers on average believed their daughters should be vaccinated at older ages (15 years and 14.6 years, respectively). Only 36% of respondents agreed that the HPV vaccine should be required for school entry and 53% of Koreans and 44% of Latinas were much more likely to supportive of 
Predicting vaccine initiation: Bivariate analyses
The following were associated with greater odds of vaccine initiation (Table 3 ) in bivariate analyses: Latina ethnicity, daughter having an usual source of care, older age of daughter, having heard of HPV, believing it is acceptable for the HPV vaccine to be given at younger ages, higher perceived severity of HPV, higher perceived HPV vaccine effectiveness, holding favorable vaccine attitudes, agreement with school mandates for the HPV vaccine and believing that the vaccine should be given at a younger versus older ages. Table 3 also presents results of multivariate logistic regression analyses to identify factors independently associated with HPV vaccine initiation. Variables included in the multivariate analyses were those found significant in bivariate associations (at P < 0.05) and after taking into account issues of multicollinearity.
Predicting vaccine initiation: Multivariate analyses
Although not significantly associated with vaccination in bivariate analyses, respondent age and education were included in the model. Income was not included to do its correlation with education. A strong relationship between daughter's insurance status and usual source of care was observed; therefore, only usual source of care was included in multivariate analyses.
The first multivariate model included: ethnicity (Latina vs. non-Latina), education level of respondent, age of respondent, heard of HPV, daughter's usual source of care, daughter's age, perceived vaccine effectiveness, perceived severity of HPV, general vaccine attitudes, agreement with HPV vaccine school mandates, and youngest acceptable age for HPV vaccination. The strongest independent predictor of vaccine initiation was having heard of HPV (OR 12.8, 95% CI: 6.01, 27.2), older age of daughter (OR 1.23, 95% CI: 1.11, 1.36), and belief that vaccination is acceptable at younger ages (OR 1.19, 95% CI: 1.09, 1.29) . No other variables were associated with vaccine initiation in this model. The second multivariate model omitted HPV awareness to determine whether additional factors might emerge after removing awareness and its very strong association with vaccine initiation (data not shown).
Results of the second model were similar to the first, except that higher perceived vaccine effectiveness emerged as an additional variable associated with greater odds of vaccine initiation (OR 1.81, 95% CI: 1.03, 3.20).
Barriers to uptake among unvaccinated girls by race/ethnicity
Barriers to vaccine uptake were assessed among mothers of unvaccinated girls (n ¼ 345; Table 4 ). Twothirds of these mothers (66%) reported needing more information about the vaccine before making a decision. Significant ethnic differences were observed, with 81% of Chinese, 66% of Korean, 64% of Latina, and 41% of African American mothers needing more information. The majority of women (74%), regardless of ethnicity, reported that they did not know where their daughter could get the vaccine.
A subset of participants (N ¼ 164) were administered an additional module of the questionnaire to assess concerns about the vaccine's potential impact on daughters' fertility, future health, and sexual behavior (Table 4) . These items were added to the survey near the end of the data collection period. No differences in demographic variables (e.g., mother's race/ethnicity, marital status, income, education, age, years in the United States, daughter's age, insurance status) were observed between the early and late cohorts. Relatively few mothers expressed concerns that the HPV vaccine would cause fertility problems (17%), negatively affect their daughter's health in the future (15%), or increase likelihood of sexual activity (13%). Ethnic differences were observed for concerns about future health problems and sexual behavior, but these estimates may be unstable given the very small sample sizes within ethnic groups.
Discussion
Our study focused on daughters of low income, uninsured, ethnic minority, immigrant women who are at elevated risk for cervical cancer and yet vaccine uptake rates among these vulnerable girls were unacceptably low. Overall, only 29% of girls in our study had received at least one dose of the HPV vaccine. This rate is substantially lower than rates observed in the 2009 National Immunization Survey for L.A. County (63.5%) and the U.S. overall (44%) (11) . Even the 36% vaccine initiation rate we found among girls 13-17 years of age is lower than national rates reported for this age group (11) . This suggests that national and regional data may overestimate vaccine initiation rates among the most vulnerable segments of our population. Our study was unique in that it included women and girls from multiple ethnic groups (Latino, African American, Chinese, Korean) and conducted interviews in five languages. Despite adequate sample sizes for comparisons across ethnic groups, no ethnic differences were observed in vaccine initiation or vaccine completion rates. This lack of ethnic differences may be due to the homogeneity of our sample with regard to the variables (e.g., income, education, insurance) that are generally associated with vaccine uptake in more heterogeneous samples.
The low vaccine initiation rate in our study may be partially explained by the fact that compared with national samples, awareness of HPV, and the HPV vaccine were lower among our respondents. A little over 60% of our respondents had heard of the virus or the vaccine, compared with 78% of women in a representative U.S. sample (35) . Awareness differed by ethnicity. Whereas over 60% of Latino, Chinese, and African American mothers were aware of the HPV vaccine, only 44% of Korean mothers had heard of it. Results also revealed ethnic differences in beliefs relevant to vaccination, including daughters' perceived risk, beliefs about HPV vaccine mandates, and general vaccine attitudes. For example, 8% of Latina and 10% of African American mothers believed that their daughters at higher risk for HPV infection compared with other girls, whereas no Chinese or Korean mothers shared this belief. Ethnic differences in vaccine awareness and beliefs may be attributable to a variety of factors including lack of in-language materials about HPV and the vaccine, or cultural beliefs about teen sexual activity. Although uptake is expected to increase as more mothers learn about the vaccine, it is unclear how ethnic differences in beliefs about HPV and the vaccine may affect uptake over time.
The strongest predictor of vaccine initiation in both bivariate and multivariate analyses was having heard of the HPV vaccine (OR ¼ 12.00). This suggests that for highly disadvantaged groups, the biggest payoff in the short run may come from raising awareness of the availability of the vaccine. Among mothers of unvaccinated girls, who made up the majority of our sample (69%), need for more information about the vaccine and not knowing where to go to get the vaccine were the most commonly reported reasons for why their daughters had not received the vaccine. This reinforces the need for in-language, culturally appropriate information dissemination regarding the vaccine as well as local information regarding where low cost or free vaccines are available.
We queried a subset of mothers about potential concerns about the vaccine that have received substantial attention in the lay press. Relatively few mothers were concerned that the vaccine would affect their daughter's fertility (17%), cause health problems in the future (15%) or lead to promiscuity (13%). Our findings, which suggest that there may be ethnic differences in concerns about future health problems and promiscuity, require cautious interpretation given the very small cell sizes for some groups.
Besides vaccine awareness, several other factors were associated with vaccine uptake in our study. Older daughters were more likely to have received the vaccine, which is consistent with other reports in the literature (18, 36) . This hesitation to vaccinate at younger ages, when the vaccine is likely to be the most beneficial, may have consequences for population-wide benefits that can ultimately be derived from increasing vaccine uptake. Future education efforts should focus on the benefits of vaccination of younger girls with respect to future cervical cancer risk. That such a focus may be valuable is suggested by our finding that mothers who endorsed vaccination at younger ages were more likely to have vaccinated daughters. Several other factors from the HBF were related to vaccine uptake. Higher perceived severity of HPV infection and higher perceived effectiveness of the vaccine were associated positively with vaccine initiation. Although these factors did not emerge as significant in multivariate analyses (likely due to shared variance with other variables) they represent potential targets for intervention efforts. They are factors that are mutable and therefore viable mediators for achieving higher vaccine uptake.
Several limitations should be noted. Participants were all users of the L.A. County Office of Women's Health hotline, and are not representative of the general population of low income, ethnic-minority mothers. Although the sample was large, ethnically diverse, and representative of hotline users, some between-group comparisons may have been underpowered due to small cell sizes. In addition, self-reported vaccine initiation was not verified via medical records and therefore may overestimate (e.g., positive reporting bias) or underestimate (e.g., mother not aware that daughter received the vaccine) vaccine uptake in this population. Future research with similar populations should attempt to verify self-reports through medical record reviews.
This study makes important contributions to the literature regarding HPV vaccine initiation and its correlates. It is one of few studies focusing exclusively Table 4 . Barriers to HPV vaccine uptake among unvaccinated girls by race/ethnicity Research.
on November 6, 2017. © 2011 American Association for Cancer cebp.aacrjournals.org Downloaded from on low-income ethnic minority girls, who may be at increased risk for cervical cancer. It is also unique in that it recruited a large sample of foreign-born women and administered surveys in several Asian languages as well as Spanish and English. Immigrant and non-Englishspeaking women may experience elevated risk for cervical cancer due in part to lack of access to Pap screening in their home countries and difficulties in navigating medical systems in the United States. Immigrant women may also be unfamiliar with guidelines and medical practices in the United States that can protect them and their daughters against cervical cancer.
Interventions are needed to educate low income, immigrant, ethnic minority mothers about the benefits of the HPV vaccine and link them to clinics where their daughters can obtain the vaccine free or at low cost. Culturally targeted messaging may also be important to modify vaccine-related beliefs and enhance uptake of the vaccine.
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